To better appreciate the role of the non-vitamin K oral anticoagulants (NOACs) for patients with non-valvular atrial fibrillation in Switzerland we aimed to assess the quality of vitamin K antagonist (VKA) anticoagulation in daily practice. METHODS: In a cross-sectional study, clinically stable patients on VKA treatment for non-valvular atrial fibrillation for at least 6 months, documentation of international normalised ratio (INR) values for at least 3 months and with at least two INR values were included. The percentage of INR values within the therapeutic range of 2.0 to 3.0 and the time in therapeutic range (TTR; Rosendaal method) and predictors for these measures of VKA anticoagulation quality were assessed. RESULTS: We studied 332 patients (62% male, mean age 74 ± 9 years) with median (interquartile range) CHA 2 DS 2 Vasc and HAS-BLED scores of 4 (3-5) and 3 (2-4) points. The median number of INR values per patient was 8 (5-14), and the average interval between INR measurements was 20 (13-27) days. The percentage of INR values between 2.0 and 3.0 was 67% (50-83%). The median TTR was 69% (51-89%), and TTR ≥65% was found in 202 (61%) patients. Independent predictors of ≥80% INR values between 2.0 and 3.0 included a longer interval between INR measurements and the non-use of spironolactone. The non-use of amiodarone and spironolactone and a longer interval between INR measurements were the only independent predictors of a TTR ≥65%. CONCLUSIONS: The quality of VKA anticoagulation in Switzerland is highly variable. Importantly, only 60% of patients achieve a TTR ≥65%, which is currently considered to be the minimal acceptable TTR required for VKA therapy. There are few clinical predictors of a good VKA anticoagulation quality. These data may represent a novel basis for decision making regarding the choice of anticoagulation for atrial fibrillation in Switzerland.
Introduction
A key clinical question to address in every patient with atrial fibrillation (AF) is whether long-term oral anticoagulation (OAC) is required, and if yes, which type of OAC should be used. Current guidelines recommend the use of the CHA 2 DS 2 Vasc score to determine whether the thromboembolic risk reduction by OAC outweighs the concomitantly increased risk of bleeding [1] . In male AF patients with a CHA 2 DS 2 Vasc score of 2 or more and in female AF patients with a CHA 2 DS 2 Vasc score of 3 or more, OAC is clearly recommended (class I indication), and in males with a CHA 2 DS 2 Vasc score of 1 and in females with a CHA 2 DS 2 Vasc score of 2, OAC should be considered (class IIa indication), but decisions should be individualised [1] . A key assumption underlying these recommendations is that an effective and safe mode of OAC is used. This can be achieved by use of either vitamin K antagonist (VKA) OAC with a high time in the therapeutic range (TTR) (i.e., an INR of 2.0-3.0) or non-vitamin K antagonist oral anticoagulants (NOACs) [1] . In studies showing comparable thromboembolic risks in AF patients treated with VKA or NOACs, the mean TTR values were between 55 und 65% in the VKA-treated patients [2] [3] [4] [5] . Thus, in practice a TTR in this range must be achieved to ensure that VKA therapy is likely to provide a similar thromboembolic risk reduction as NOACs. The Swedish national registry has revealed that a TTR of ≈75% is achievable [6] , and that VKA therapy is very safe and effective under these circumstances [7] .
However, several studies have shown that in clinical practice TTR is less optimal [8] [9] [10] [11] . Current guidelines, therefore, give a preference to NOACs over VKAs for the initiation of OAC and suggest a switch from VKAs to NOACs if there is evidence of insufficient TTR [1] . Importantly, information on the quality of VKA anticoagulation is mainly based on data from OAC clinics and from patients treated with warfarin [8] . However, in many patients VKA therapy is not managed by OAC clinics but by general practitioners (GPs), and in Europe VKAs other than warfarin are commonly used. Little is known about the quality of VKA therapy in this situation, the main reason being the lack of larger international normalised ratio (INR) databases for patients managed outside of OAC clinics. There are arguments for both better (e.g., long-term contact with patients, knowledge of comorbidities and nutrition behaviours, etc.) and worse (e.g., less systematic approach to VKA prescription) VKA OAC management by GPs compared with OAC clinics. In addition, there are pharmacokinetic differences between warfarin and phenprocoumon (the most commonly used VKA in Europe) that may have an effect on OAC quality, i.e., a longer half-life for phenprocoumon than for warfarin [12] . To better appreciate the role of NOACs for patients with non-valvular AF in daily practice in Switzerland we performed a survey of the reallife quality of VKA OAC (percentage of INR values within the therapeutic range and TTR) in Eastern Switzerland. We hypothesised that VKA OAC quality in daily practice would be worse than in study settings. [13] scores were calculated for all patients. The CHA 2 DS 2 Vasc score is used to quantify the thromboembolic risk. The following items contribute to the score: Congestive heart failure (1 point), Hypertension (1 point), Age ≥75 years (2 points), Diabetes (1 point), previous Stroke (2 points), Vascular disease (1 point), age 65-74 (1 point), and female gender (1 point). The HAS-BLED score is used to quantify the bleeding risk. The following items contribute to the score (1 point for each): Hypertension, Abnormal liver/renal function, Stroke, Bleeding history or predisposition, Labile INR, Elderly (>65 years), and Drugs/alcohol. The SAMe-TT 2 R 2 score has been proposed as a tool to predict INR stability [13] . The following items contribute to the score: female Sex (1 point), Age <60 years (1 point), Medical history (1 point if more than two of the following: hypertension, diabetes, coronary artery disease/myocardial infarction, peripheral arterial disease, congestive heart failure, prior stroke, pulmonary disease, hepatic, or renal disease), Treatment (mainly amiodarone, 1 point), Tabacco use (2 points), and nonwhite Race (2 points).
Materials and methods

Patients
Data analysis
All available INR data and intervals between INR measurements were manually extracted and included in the analysis. Descriptive statistics are expressed as mean ± standard deviation, or median (interquartile range [IQR]) for continuous variables, and as numbers and percentages for categorical variables. The quality of VKA OAC was assessed in two ways. First, the percentage of INR values within the therapeutic range of 2.0 to 3.0 was assessed. Second, the TTR was estimated according to the Rosendaal's method of linear interpolation [14] . Linear regression analysis was performed to assess multivariate predictors of the percentage of INR values within the therapeutic range and TTR as continuous variables. Multivariate logistic regression was performed to assess predictors of a high (≥80%) and low (≤50%) percentage of INR values within the therapeutic range. These cut-offs are arbitrary, but plausible from a clinical point of view. Multivariate logistic regression was performed to predict a TTR ≥65%. This cut-off for dichotomised TTR was selected as it is considered to represent the minimal TTR value required for acceptable VKA OAC quality [12] . Selection of covariates for the multivariate analysis was based on the results of the univariate analysis. All available and reported patient characteristics were included in the univariate analysis. Stepwise backward models were used. The level of statistical significance was set at a 2-tailed probability value ≤0.05. Statistical analysis was performed using the IBM ® SPSS ® for Windows ® software (version 20.0, SPSS ® Inc., Chicago, Illinois, USA).
Results
Study population
A total of 401 patients with available INR booklets were screened for inclusion in the study. The final study population who fulfilled all inclusion criteria comprised 332 patients (62% male, mean age 74 ± 9 years surements were the only independent predictors of a TTR ≥65% (table 3) .
Discussion
The present study showed that in a cross-sectional sample of VKA-treated AF patients with INR measurements and VKA (phenprocoumon in the vast majority of patients) dosing done by GPs in Eastern Switzerland, the OAC quality was highly variable. The median TTR was 69%, which is at least as good as the average OAC quality in clinical studies using warfarin [2] [3] [4] [5] . In one third of patients, ≥80% of all INR values were within the therapeutic range of 2 to 3, 40% of patients had a TTR ≥80%, and 60% of patients had a TTR of at least 65%. On the other hand, one quarter of patients had less than 50% of INR values in the therapeutic range, and 22% had a TTR <50%, which represents a situation where patients are exposed to an increased risk of thromboembolic events and/or bleeding, and where the VKA OAC does not confer a benefit [15] . The present study included a limited number of patients. Still, the results represent novel and clinically relevant information. Although AF is very common, and a large number of patients in Switzerland have been on VKA therapy for years, the quality of this treatment has never been systematically assessed, most likely because of lack of alternatives to VKA and the idea that there is little room for improvement. However, this has changed a great deal in recent years. The NOACs are available, they are increasingly prescribed [16] , and they have received a prominent role in guidelines [1] . In addition, cost-effectiveness analyses [ 17, 18] , including a Swiss model [19] fig. 2) . Recently, the results of the German thrombEVAL cohort study were published, which included patients with phenprocoumon OAC for a variety of indications including AF, venous thrombosis and prosthetic heart valves (n = 2771). The TTR in this registry was 66% for patients in "regular medical care", which is in line with the present findings [20] . In patients managed by a specialised coagulation service, an even higher TTR of 76% was achieved [20] . It has also been shown that patients performing INR self- testing and self-management achieve a high TTR. The present findings and those from the significantly larger German registry suggest that approximately 60% VKA-treated AF patients fulfil the minimal TTR requirement of 65%. The German registry [20] and the Swedish registry [6] also make clear that there is still room for improvement in INR control. On the other hand, there are a significant proportion of VKA-treated patients who are outside the TTR range for whom a benefit from VKA compared with no treatment can be expected [15] . In contrast, the data suggest that in some patients VKA therapy may even cause harm. Thus, these data may therefore represent a novel basis for decision-making regarding OAC type in Switzerland.
Attempts have been made to find ways to predict which patients will be able to achieve a good OAC stability when using a VKA. Recently, the SAMe-TT 2 R 2 score has been developed and validated as a tool to identify patients with good INR stability during VKA therapy [13] . However, the score has been tested in warfarin-treated cohorts, and we found no significant correlation between the SAMe-TT 2 R 2 score and TTR or the number of INR values in the therapeutic range. We found only scarce predictors of a high TTR and/or a high number of INR values in the therapeutic range, which is also in line with previous observations [21] . The analysis revealed an association between amiodarone use and poor OAC control. This interaction between amiodarone and VKA therapy is well known [21] , and the replication of this finding in the present dataset increases the plausibility of the results. In addition, worse INR stability was found in spironolactone users compared with patients not on spironolactone. The mechanisms of this association are not entirely clear but may be related to the diuretic effect of spironolactone with subsequent haemoconcentration and an increase in the concentration of clotting factors [22] , and also to unmeasured confounding factors such as heart failure symptoms [21] or poor hypertension control. The better quality of VKA anticoagulation in patients with less frequent INR measurements is most likely explained by the fact that patients with better anticoagulation quality have fewer INR measurements rather than the opposite. The relatively high TTR in the present cross-sectional study compared with the TTR in clinical trials using warfarin is somewhat surprising. Pharmacokinetic differences between warfarin and phenprocoumon may have played a role, in particular the longer half-life of phenprocoumon compared with warfarin [12] .
The present study has a number of limitations. First, because the number of patients was relatively small, and based on certain inclusion criteria (e.g., availability of the INR booklet) and limited resources for the recruitment of patients, a selection bias is possible. Second, the observation period was relatively short. A recent study has shown that patients with a stable INR in the therapeutic range over a certain period of time will not necessarily maintain this good INR control in the coming months [23] . Thus, TTR needs to be assessed repeatedly during long-term VKA therapy to make sure that treatment is effective and safe. Third, patient compliance would have been a key variable in the present study setting. Unfortunately, there was no information on compliance. And finally, our study was performed in one single institution in Eastern Switzerland, and thus findings cannot automatically be applied for entire Switzerland. When putting this all together the data can be interpreted as follows: approximately 60% of patients on VKA for AF seem to fulfil the requirement for the minimal TTR of 65%. If this TTR can be achieved during a longer-term period, these patients can remain on VKA, depending on patient and GP preference, if we follow the guidelines. Importantly, these VKA-treated patients may also derive "collateral benefits" [24] from their visits in the GP's office to check the INR, i.e., short be regular interactions with the GP or his or her assistant which will allow discovery of major changes in health status. On the other hand, there are approximately 40% of patients who are not achieving a sufficient INR control the reasons for which remain speculative but may belong to two main categories: a "difficult patient" (interactions and other biological factors precluding good INR stability) or a non-compliant patient. The proportion of non-compliant patients is very hard to estimate. Given that there were no patients with a constantly non-therapeutic INR value around of 1.0 (no VKA effect) but that both supratherapeutic (≈10%) and subtherapeutic (≈16%) values contributed to the INR values outside the therapeutic range, there were probably very few patients who did not take VKA therapy at all. Still, non-compliance with the prescribed VKA doses remains a possibility. We think that the majority of patients not achieving a sufficient INR were "difficult patients", i.e., polymorbid and polymedicated patients. Thus, there seem to be up-to 40% of VKA-treated patients who are likely to benefit from a switch from VKA to NOAC.
Conclusions
The quality of VKA therapy for patients with AF in Switzerland is highly variable. Approximately 60% of patients on VKA for AF seem to fulfil the requirement for the minimal TTR of 65%. On the other hand, there are approximately 40% of patients who are not achieving a sufficient INR control and in whom the best method to prevent thromboembolism and bleeding needs to be reconsidered. These patients seem to be candidates for a switch from VKA to NOAC except for the patients in whom a poor compliance is suspected. Thus, the present data may therefore represent a novel basis for decision making regarding OAC type in Switzerland.
